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be sensitive to the polarity of the microenvironment provided by different solvents based on the
results of ﬂuorescence polarity studies.
ª 2011 Production and hosting by Elsevier B.V. on behalf of King Saud University.
Open access under CC BY-NC-ND license.1. Introduction
Donor–acceptor chromophores have been recognized for sev-
eral decades as a promising ﬁeld with important applications
in the domain of opto-electronics and photonics (Schaferet al., 2011; Bhuiyan et al., 2011) and high performance elec-
trooptic switching elements for telecommunications and opti-
cal (Avci, 2010). The ﬁrst step in designing nonlinear optical
information processing is based on materials with high optical
(NLO) properties. Hence, various materials have been investi-
gated by using their nonlinear optical properties, e.g. inorganic
materials (Peng et al., 2011), organometallic compounds (Liu
et al., 2011a,b), liquid crystals (Raposo et al., 2011), and
organic molecules and polymers (Karaoglan et al., 2011).
Organic molecules are one of the best organic compounds, it
can be easily synthesized. Knoevenagel condensation is one
of the most important reactions for the formation of donor–
acceptor chromophores by the nucleophilic addition of an
active hydrogen compound to a carbonyl group followed by
a dehydration reaction. Several synthetic methods have been
Scheme 1 Synthetic route of dyes (D1, D2, D3, and D4).
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et al., 2009), the solvent-free solid-phase reaction (Shang
et al., 2011), ultrasonication (Liu et al., 2011a,b), photosensiti-
zation (Leon and Ganem, 1997), and microwave radiation
(Benito et al., 2008). Therefore, this study aimed to explore
the optical and spectroscopic properties of newly prepared
donor–acceptor chromophores derived from carbazole. In
addition, the effect of photobleaching on the photostability
of these dyes was investigated by using time-based ﬂuorescence
steady-state measurements. The sensitivity of new synthesized
dyes toward the polarity of the microenvironment provided by
different solvents was also examined by ﬂuorescence polarity
studies.
2. Experimental
2.1. Chemicals and reagents
Carbazole aldehyde was purchased from Acros organic and
used without further puriﬁcation. Other solvents (A.R.) and
reagents were obtained commercially and used without further
puriﬁcation except chloroform, ethanol, and methanol.
2.2. Instrumental methods
Melting points were recorded on a Thomas Hoover capillary
melting apparatus without correction. FT-IR measurements
were performed on KBr disks on a Nicolet Magna 520 FTIR
spectrometer. 1H and 13C NMR spectroscopic experiments
were recorded in CDCl3 on a Brucker DPX 600 MHz spec-
trometer using tetramethyl silane (TMS) as an internal stan-
dard. Microanalyses were carried out using a Perkin Elmer
240B analyzer. UV–Vis absorption and ﬂuorescence measure-
ments were acquired by use of a Perkin–Elmer UV–Vis scan-
ning spectrophotometer and luminescence
spectroﬂuorometer, respectively. Absorption and emission
spectra were collected using a 10 mm quartz spectrophotome-
ter and spectroﬂuorometer cells, respectively. The emission
spectra of all dyes were excited at 310 nm excitation wave-
length with slit widths set for entrance and exit bandwidths
of 4 and 2 nm on both excitation and emission monochroma-
tors, respectively. For the photostability study of dyes, time-
based ﬂuorescence steady-state measurements were acquired
with excitation and emission bandpass set at 15 and 5 nm,
respectively. The ﬂuence level of the excitation source was
open for a period of 30 min. The excitation wavelength for
all dyes was set at 310 nm, while the emission wavelength
was set at 420 nm for Dye 1 (D1), 512 nm for Dye 2 (D2),
524 nm for Dye 3 (D3), and 500 nm for Dye 4 (D4).
2.3. General procedure for the synthesis of carbazole derivatives
A mixture of carbazole aldehyde (0.0058 mol) and correspond-
ing active methylene (0.0058 mol) in anhydrous ethanol
(15 ml) and in the presence of few drops of pyridine was
reﬂuxed at 80 C for 3 h with continuous stirring. Progress
of reaction was monitored by TLC. After completion of the
reaction, the solution was cooled. Thus, the heavy precipitate
obtained was collected by ﬁltration and puriﬁed by recrystalli-
zation from a mixture of methanol and chloroform
(Scheme 1).2.3.1. 2-(9-Ethyl-9H-carbazole-3-ylmethylene)-indan-1-one
(D1)
Yield: 87.00%; m.p. 155 C; Anal. Calcd for C24H19ON2: C,
85.43; H, 5.68; N, 4.15. Found: C, 85.35; H, 5.62; N, 4.11;
IR (KBr) mmax cm
1: 1687 (C‚O), 1590 (C‚C),
1177(CAN), 2974 (CAH, aliphatic), 3057 (CAH, aromatic);
1H NMR (CDCl3) d: 7.02 (H1, d, J = 1.8 Hz), 8.19 (H2, d,
J = 7.2 Hz), 8.17 (H3, s), 7.45 (H4, d, J = 4.2 Hz), 7.82 (H5,
dd, J = 8.4 Hz), 7.62 (H6, dd, 1.2 Hz), 7.44 (H7, d,
J = 4.2 Hz), 8.73 (H8, s), 7.45(H9, d, J = 4.2 Hz), 7.32
(H10, dd, J = 7.2 Hz), 7.62 (H11, dd, J = 4.2 Hz), 7.45
(H12, d, J = 4.2 Hz), 4.15 (H13, s), 4.41 (CH3ACH2AN, t,
J = 7.2 Hz), 1.46 (CH3ACH2AN, q, J = 7.2 Hz);
13C NMR
(CDCl3) d: 194.49, 192.05, 149.57, 148.67, 141.42, 140.67,
138.47, 135.67, 134.18, 133.76, 131.60, 129.95, 127.53, 126.29,
124.54, 119.80, 108.91, 107.89, 107.89, 77.02, 37.77, 35.77,
32.78, 13.88; GC–MS m/z (rel. int.%): 338 (52) [M+1]+.
2.3.2. 2-(9-Ethyl-9H-carbazole-3-ylmethylene)-indan-1,3-dione
(D2)
Yield: 21.01%; m.p. 142 C; Anal. Calcd for C24H17ON2: C,
82.03; H, 4.88; N, 3.94. Found: C, 81.97; H, 4.82; N, 3.92;
IR (KBr) mmax cm
1: 1673 (C‚O), 1554 (C‚C), 1220
(CAN), 2968 (CAH, aliphatic), 3042 (CAH, aromatic); 1H
NMR (CDCl3) d: 8.02 (H1, d, J = 1.8 Hz), 8.08 (H2, d,
J = 7.2 Hz), 7.81 (H3, s), 7.58 (H4, d. J = 7.8 Hz), 7.49 (H5,
dd, J = 6.6 Hz), 7.51 (H6, dd, J = 7.2 Hz), 7.44 (H7, d,
J = 7.2 Hz), 8.65 (H8, s), 7.58 (H9, d, J = 7.8 Hz), 7.49
(H10, dd, J = 6.6 Hz), 7.51 (H11, dd, J = 6.6 Hz), 4.05 (CH3-
ACH2AN, t, J = 3.6 Hz), 1.47 (CH3ACH2AN, q,
J = 7.2 Hz); 13C NMR (CDCl3) d: 209.12, 204.40, 202.55,
191.25, 189.75, 148.81, 143.15, 140.54, 139.04, 134.97, 133.38,
128.79, 126.66, 125.79, 124.85, 120.80, 109.12, 77.23, 63.22,
49.22, 44.54, 37.93, 18.44, 13.89; GC–MS m/z (rel. int.%):
552 (58) [M+1]+.
Figure 1 UV–Vis absorption spectra of 5 lM D1, D2, D3, and
D4 in ACN.
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(D3)
Yield: 48.00%; m.p. 20 C; Anal. Calcd for C35H30ON2: C,
84.99; H, 6.11; N, 5.66. Found: C, 84.95; H, 6.07; N, 5.58;
IR (KBr) mmax cm
1: 1681 (C‚O), 1589 (C‚C), 1147
(CAN), 2973 (CAH, aliphatic), 3053 (CAH, aromatic); 1H
NMR (CDCl3) d: 8.17 (H1, d, J = 7.8 Hz), 8.02 (H2, d,
J = 8.4 Hz), 7.25 (H3, s), 7.55 (H4, d, J = 7.2 Hz), 7.49 (H5,
dd, J = 8.4 Hz), 7.34 (H6, dd, J = 7.2 Hz), 7.55 (H7, dd,
J = 7.2 Hz), 8.65 (H8, s), 4.43 (CH3ACH2AN, t,
J = 7.2 Hz), 1.64 (CH3ACH2AN, q, J = 7.2 Hz);
13C NMR
(CDCl3) d: 201.74, 198.65, 191.89, 145.15, 143.55, 140.64,
140.33, 139.96, 137.96, 129.06, 128.43, 127.20, 126.72, 126.11,
125.88, 125.11, 124.37, 123.03, 122.84, 121.53, 120.98, 120.30,
119.68, 109.31, 108.94, 108.33, 77.23, 77.02, 76.81, 58.49,
40.17, 37.93, 29.24, 27.35, 23.95, 13.84. EI-MS m/z (rel.
int.%): 496 (65) [M+1]+.
2.3.4. 2,6-Bis(9-ethyl-9H-carbazolylmethylene)cyclohexanone
(D4)
Yield: 20.0%; m.p. 81 C; Anal. Calcd for C36H32ON2: C,
85.03; H, 6.29; N, 5.51. Found: C, 84.98; H, 6.24; N, 5.47;
IR (KBr) mmax cm
1: 1681 (C‚O), 1589 (C‚C), 1149
(CAN), 2974 (CAH, aliphatic), 3060 (CAH, aromatic); 1H
NMR (CDCl3) d: 8.15 (H1, d, J = 7.8 Hz), 7.75 (H2, d,
J = 8.4 Hz), 7.04 (H3, s), 7.30 (H4, d, J = 7.2 Hz), 7.43 (H5,
dd, J = 4.8 Hz), 7.51 (H6, dd, J = 7.8 Hz), 7.30 (H7, d,
J = 7.2 Hz), 8.65 (H8, s), 4.37 (CH3ACH2AN, t,
J = 6.0 Hz), 1.47 (CH3ACH2AN, q, J = 7.2 Hz);
13C NMR
(CDCl3) d: 208.32, 196.66, 196.31, 193.96, 191.84, 143.55,
140.64, 139.17, 137.83, 134.89, 129.14, 128.99, 128.43, 127.17,
126.46, 126.20, 125.76, 124.36, 123.36, 123.03, 122.89, 121.53,
120.80, 119.86, 109.14, 108.83, 107.76, 77.23, 76.81, 37.92,
31.19, 29.59, 26.92, 20.25, 13.87; GC–MS m/z (rel. int.%):
509 (50) [M+1]+.
3. Results and discussion
3.1. Chemistry
The synthesis route of carbazole derivatives are straight for-
ward, and the compounds were isolated in good yield. The
derivatives were synthesized according to the reported proce-
dure (Asiri and Khan, 2009). The resulting compounds are sta-
ble in the solid state as well as in the solution. The structure of
all the compounds presented in experimental section was
established by comparing spectral data (IR, 1H and 13C
NMR). Assignments of selectivity characteristic for IR band
positions provide a signiﬁcant indication for the formation
of carbazole derivatives. Compounds showed intense bands
at 1554–1590 cm1 due to m (C‚C) stretch, conﬁrming the for-
mation of donor–acceptor dyes derivatives. Further, 1H NMR
spectra were in a very good agreement with chemical structure
of synthesized carbazole derivatives, providing diagnostic tools
for the positional elucidation of the protons. Assignments of
the signals are based on the chemical shifts and intensity pat-
terns. The aromatic protons of carbazole derivatives are shown
as s, d, and dd in the range (7.02–8.62 ppm). Singlet band was
observed at (7.02–8.17 ppm) due to‚CAH proton in the com-
pounds. Moreover, details of 13C NMR spectra are given in
the experimental section. In the mass spectrum, a peakappeared at m/z 338 (M+1, 52%), corresponding to D1 hav-
ing molecular formula (C24H19N2O). In the mass spectrum
of D2, a peak was observed at m/z 552 (M+1, 58%), which
is in consistency with its molecular formula C24H30N2O. A
peak was also observed at m/z 496 (M+1, 65%) in the mass
spectrum of D3, which is in agreement with its molecular for-
mula C35H30N2O. A peak appeared at m/z 509 (M+1, 50%) in
the mass spectrum of D4, which is in consistency with its
molecular formula C36H32N2O.
3.2. Spectroscopic evaluation of dyes
3.2.1. UV–Vis absorption study
UV–Vis absorption measurements of dyes were performed at
the same experimental and instrumental conditions. In general,
broad bands were noted in the absorption spectra of D1, D2,
D3, and D4 (Fig. 1). As shown in Fig. 1, two characteristic
bands appeared in the UV–Vis absorption spectra of D1, while
three characteristic bands were observed in those of D2, D3,
and D4. In addition, it is of interest to note that two common
broad bands centered approximately at 265 and 310 nm are
observed with all dyes included in this study. This may be
ascribed to the similarity of distinctive structural composition
between the dyes. The third additional broad band in the UV–
Vis absorption spectra of D2, D3, and D4 are centered at 420,
432, and 375 nm, respectively. It can also be clearly observed
that there is a subsequent red shift behavior in the UV–Vis
absorption spectra of D2, D3, and D4. This red shift in the
UV–Vis absorption spectrum of D3 is the most signiﬁcant as
compared to that of D2 and D4 (Fig. 1).
3.2.2. Steady-state ﬂuorescence spectroscopic study
All dyes synthesized in this study ﬂuoresced in the same sol-
vent system (ACN) and were excited at the same excitation
wavelength (360 nm). The optical behavior of all dyes included
in this study not only indicates that these dyes do have signif-
icant absorption in the UV region, but it also brings into light
a very interesting ﬂuorescence behavior. In general, high back-
ground ﬂuorescence and similar spectral proﬁles were observed
in the emission spectra of all dyes (Fig. 2). However, it can be
noticed that there is a subsequent red shift behavior in the
emission spectra of D2, D3, and D4, which is the most signif-
icant in the emission spectrum of D3. These results are in good
Figure 2 Normalized ﬂuorescence emission spectra of 5 lM D1,
D2, D3, and D4 in ACN, excited at 310 nm.
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study of the dyes.
3.2.3. Photostability study
The photostability study of all dyes was investigated using
time-based ﬂuorescence measurements. The excitation and
emission bandpass set was at 15 and 5 nm, respectively, and
all dyes have been exposed to the maximum amount of radia-
tion for 30 min for induction of photobleaching. In addition,
ﬂuorescence measurements of all dyes were collected on air-
saturated samples for investigation of the photostability of
dyes against photobleaching. Fig. 3 clearly show the behavior
of these dyes in terms of their susceptibility to photobleaching
over a 30 min time span. It can be noted that there is minimal
to no loss in ﬂuorescence intensities of D1 (0.00%) and D3
(2.82%) with an increase in the exposure time (Figs. 3 and
4). However, the intensities of D2 and D4 decreased by
approximately 20.24% and 43.38%, respectively, after expo-
sure to radiation. Thus, D1 and D3 are more photostable
against photobleaching than D2 and D4. In general, informa-
tion about the photostability relationship to the structure is so
limited that the conclusion remains open.Figure 3 Time-based ﬂuorescence steady-state measurements of
5 lM D1, D2, D3, and D4 in ACN, excited at 310 nm and
monitored at 420 nm for D1, 512 nm for D2, 524 nm for D3, and
500 nm for D4 with excitation and emission bandpass set at 15 and
5 nm, respectively.
Figure 4 Fluorescence emission spectra of 5 lM (a) D1, (b) D2,
(c) D3, and (d) D4 before and after photobleaching in ACN,
excited at 310 nm.
Figure 5 Normalized ﬂuorescence emission spectra of 5 lM (a)
D1, (b) D2, (c) D3, and (d) D4 in different solvents (octane,
toluene, acetone, and ACN), excited at 310 nm.
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Polarity plays an important role in a range of applications,
including analytical, biological, and environmental. In this
study, 5 lM standard solutions of each dye were prepared indi-
vidually in different solvents (octane, toluene, acetone, and
ACN). Based on the polarity index, ACN is the most polar,
while octane is the least polar (Snyder, 1978). Fig. 5 illustrates
the effect of polarity of different solvents in the emission spec-
tra of D1, D2, D3, and D4 synthesized in this study. A close
examination of Fig. 5 clearly shows that a pronounced red
shift can be remarked with an increase in the solvent polarity
of the emission spectra for all dyes. Generally, shifts in emis-
sion bands caused by a change in solvent polarity are known
as solvatochromic shifts and are experimental evidence of
changes in solvation energy. In fact, the higher the polarity
of the solvent, the lower would be the energy of the relaxed
state and the larger would be the red-shift of the emission spec-
trum. The observed red (bathochromic) shift with an increase
in the solvent polarity can be associated with a positive solva-
tochromism and indicates that a relaxed intramolecular charge
transfer states in these dyes are reached. The above results,
therefore, suggested that all dyes included in this study are sus-
ceptible to the polarity of the microenvironment provided by
these solvents.
4. Conclusions
Successful preparations of novel dyes are achieved via straight-
forward routs. The resulted dyes are found to have signiﬁcant
absorption and high background ﬂorescence. Results of the
photostability study suggested that D1 and D3 are more pho-
tostable than D2 and D4 in terms of their susceptibility to
photobleaching. Fluorescence polarity study data of the dyes
revealed that all dyes are sensitive to the polarity of the micro-
environment provided by different solvents. Moreover, solva-
tochromic shifts were observed in emission spectra of the
dyes upon changing solvent polarities, providing that these
compounds can be used as solvatochromic probes. Finally,
the preparation and spectroscopic evaluation of these dyes
may play a signiﬁcant role in a range of different applications,
including analytical, biological, and environmental.
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